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resistance, a first inverter (IV1) is arranged between the 
first and the third potential (U1, U3), and the switching 
section of a second inverter (IV2) is connected to the 
zero point of the circuit and to the output of the first 
inverter (IV1) which is modified in such a way that 
between the switching sections of its two transistors 
(T21, T22) there is inserted an intermediate transistor 
(MT). The point connecting the switching sections of 
the intermediate transistor (MT) and of the other tran 
sistor (T22) of the second inverter (IV2) is the output of 
the selection circuit and is arranged, via the switching 
section of an additional transistor (ZT) to the second 
potential (U2). A first or a second selection signal (a,b) 
is applied to the input of the first or a second inverter 
(IV1, IV2) and a third selection signal (c) is applied to 
the gates of the intermediate and the additional transis 
tor (MT, ZT), with the following Boolean logic func 
tions applying to said third selection signal (c): 

For selecting the four potentials (U0, U1, U2, U3) with 
the aid of a two-digit binary signal (A, B) there is used 
an input logic gate supplied with it on the inputside and 
which is composed either of a NAND gate (NA) and of 
a maximum of three inverters (I1, I2, I3) or else of a 
NOR gate (NO) and of maximum of five inverters (N1 
... N5), which are voltage supplied by the lowest and 
the highest ones of the four potentials (U0, U3). 

10 Claims, 9 Drawing Figures 
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1. 

SELECTION CIRCUIT FOR THREE OR FOUR 
POTENTIALS 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 
The invention relates to an integrated selection cir 

cuit for four potentials, namely that of the zero point of 
the circuit (U0) and three potentials U1, U2, U3 differ 
ing therefrom, and which is realized in a complemen 
tary insulated-gate field-effect transistor technology, 
hence the so-called CMOS technology. 

2. Description of the Invention 
In certain cases of practical application of the CMOS 

technology, the problem arises of connecting potentials 
as low ohmic as possible to predetermined circuit parts 
of a voluminous circuit system. One such case of practi 
cal application, for example, exists with the subject 
matter of the simultaneously filed European Patent 20 
Application entitled "Integrated circuit for the writing, 
reading and erasing of storage matrices with the aid of 
insulated-gate field effect transistors having a non 
volatile storage behaviour' having the European filing 
number 81102460.3, which will be also further filed in as 
the United States of America. In this case of practical 
application, the potentials to be connected through are 
intended to serve the programming of the transistors 
having a non-volatile storage behaviour. The invention, 
however, is in no way restricted to this particular case 30 
of practical application, but may be used in all cases 
where a CMOS circuit is required for the selection of a 
maximum of four potentials, and with the internal resis 
tance thereof, as seen from the output, being supposed 
to be as low-ohmic as possible. 35 

SUMMARY OF THE INVENTION 

The invention solves the problem of providing a 
selection circuit integrated in accordance with the 
CMOS technology, for four potentials, whose internal 40 
resistance, as seen from the output, is as low-ohmic as 
possible. The advantage of the selection circuit accord 
ing to the invention resides in that it only includes a 
small number of components, namely a conventional 
CMOS inverter, and the claimed modified inverter as 45 
well as an additional transistor, so that the layout of the 
integrated circuit requires little surface space. In a 
claimed simplification of the invention there may even 
be done without the additional transistor and the inter 
mediate transistor modifying the second inverter, so 50 
that the selection circuit according to the invention 
merely consists of two CMOS inverters coupled to one 
another in the claimed manner. 
With respect to a particular special case of the inven 

tion, namely in which the four potentials are to be as- 55 
signed to the four states of a two-digit binary signal A, 
B, particularly advantageous embodiments of an input 
logic circuit are set forth in the subclaims as further 
embodiments of the selection circuit according to the 
invention. Accordingly, with the aid of these further 60 
embodiments, it is possible, by arbitrarily assigning the 
four potentials to the four states of the two-digit binary 
signal A, B, to adapt the concrete circuit to the concrete 
case of need as required. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1a and 1b show the selection circuit according 
to the invention. 
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2 
FIG. 2 shows the interconnection of the selection 

circuit according to FIG. 1a and an input logic circuit 
according to FIGS. 3.1 to 3.16. 

FIGS. 3.1 to 3.8 show the embodiments of the input 
logic circuit possible in combination with the selection 
circuit according to FIG. 1 wherein the input logic 
circuits employ a NAND gate and a maximum of three 
inverters. 
FIGS. 3.9 to 3.16 show the embodiments of the input 

logic circuit possible in combination with the selection 
circuit according to FIG. 1 wherein the input logic 
circuits employ a NOR gate with a maximum of five 
inverters. 
FIG. 4 shows a particularly favorable simplification 

of the selection circuit according to FIG. 1. 
FIG. 5 shows the reduced input logic circuits for 

effecting the simplification according to FIG. 4. 
DESCRIPTION OF THE INVENTION 

The circuit diagram of the selection circuit according 
to the invention as shown in FIG. 1a, shows the first 
inverter IV1 whose switching section is lying between 
the first potential U1 and the third potential U3. The 
substrate of the transistor T11 connected to the poten 
tial U1 is connected to the zero point of the circuit and, 
accordingly, to the potential U0 thereof and which, for 
the purposes of description, may also be referred to as 
the fourth potential. The substrate of the other transis 
tor T12 of the first inverter IV1 is connected to the 
third potential U3. 
The first inverter IV1 is a conventional CMOS in 

verter, i.e. the switching sections of its two transistors 
T11, T12 are connected in series, and the gates of these 
two transistors are connected to one another and form 
the inverter input, while the point connecting the 
switching sections of the two transistors T11, T12 forms 
the inverter output. 

Moreover, the circuit diagram of FIG. 1a shows the 
second inverter IV2 which is in such a way modified 
with respect to a conventional CMOS inverter, that 
between the switching sections of the two transistors 
T21, T22 there is inserted the switching section of the 
intermediate transistor MT. The second inverter is ar 
ranged between the zero point of the circuit, hence the 
potential U.0 thereof, and the output of the first inverter 
IV1. The substrate of the transistor T21 is connected to 
the zero point of the circuit just like that of the interme 
diate transistor MT, while the substrate of the transistor 
T22 forms its own insulating island for this particular 
transistor, and is connected to the source electrode 
thereof, as well as to the output of the first inverter. The 
gates of the transistors T21, T22 are connected to one 
another and form the inverter input while the point 
connecting the switching sections of the intermediate 
transistor MT and the transistor T22 form the inverter 
output and also the output of the selection circuit. The 
channel conduction type of the intermediate transistor 
MT is the same as that of the transistor T21. The second 
potential U2 is connected via the switching section of 
the additional transistor ZT, whose channel conduction 
type is the same as that of the transistor T22, to the 
output of the selection circuit. The additional transistor 
ZT has as a substrate an insulating island of its own, 
which is connected to the source electrode of this tran 
sistor. A first and a second selection signal a, b are 
applied to the input of the first and the second inverter 
IV1, IV2 respectively, while to the gates of the interme 
diate and the additional transistors MT, ZT there is fed 
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the third selection signal c. This and the two other 
selection signals a, b depend on each other by one of the 
two Boolean logic functions: 

FIG. 1b shows with respect to the two logic func 
tions the corresponding assignment of the output volt 
age U of the selection circuit to the four potentials UO. 
... U3. The table as shown in FIG. 1b applies on the 
further condition that the four potentials satisfy the 
relationship 

In cases where the selection circuit is realized in ac 
cordance with the known CMOS technology with n 
insulating islands in the p-substrate of a semiconductor 
body, or else that the requirement 

is met when the selection circuit is designed in accor 
dance with the known CMOS technology employing 
p-insulating islands in the n-substrate of the semi-con 
ductor body. 
According to an advantageous further embodiment 

of the invention, the selection of the four potentials U0 
... U3 may be carried out with the aid of the four states 
of the two-digit binary signal A, B as applied to the 
input logic gate, with the first, the second, or the third 
selection signal a, b, c resulting at the first, the second or 
the third output thereof respectively. The interconnec 
tion of the selection circuit according to FIG. 1 and the 
input logic gate is schematically shown in FIG. 2, while 
the possible versions of the input logic gate are shown in 
the individual parts of FIGS. 3.1 to 3.16. Two of the 
four potentials which, in terms of magnitude, are the 
lowest and the highest ones, are fed as supply voltage to 
the input logic gate; in the example of embodiment as 
shown in FIG. 2, these are the potentials U0 and U3. 
The input logic gate may be realized either with the 

aid of the NAND gate NA and a maximum of three 
inverters I1, I2, I3, as is shown in FIGS. 3.1 to 3.8, or 
else with the aid of the NOR gate NO and maximum of 
five inverters N1 . . . N5, as is shown in FIGS. 3.9 to 
3.16. 
FIGS. 3.1 to 3.4 show the NAND versions of the 

logic function c=a--b, while FIGS. 3.5 to 3.8 show the 
NAND versions of the logic function c=a+b. In a 
comparative way, the FIGS. 3.9 to 3.12 show the NOR 
versions of the logic function c=a+b, and FIGS. 3.13 
to 3.16 show the NOR versions of the logic function 
c=a+b. 

In each of the just mentioned groups of figures, the 
four possibilities of assigning the four potentials U0. . . 
U3 to the four states of the two-digit binary signal AB, 
which are possible under the aforementioned condi 
tions, in a tabular way, showing the respective possible 
circuit versions. Thus, with respect to each of the four 
possible assignments, FIGS. 3.1 to 3.4 show a circuit 
which is indicated by the corresponding circuit number 
1 . . . 4. For each of the four possibilities, FIGS. 3.5 to 
3.8 show two circuit versions which are indicated by 
the numerals 5a, 5b . . . 8a, 8b. For each of the four 
possibilities, FIGS. 3.9 to 3.12 show four circuit ver 
sions which are indicated by the numerals 9a, 9b, 9c, 9d. 
10a ... 10d 11a. . . 11d; 12a . . . 12d. Finally, for each 
of the four possibilities, FIGS. 3.13 to 3.16 again show 
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4 
two circuit versions indicated by the numerals 13a, 13b 
... 16a, 16b. 

In the individual parts of FIG. 3, and with respect to 
the NAND versions, the maximum of three inverters is 
indicated by I1, I2, I3, with the inverter as supplied on 
its input with the first binary signal digit A, being indi 
cated I1, with the inverter as supplied on its input with 
the second binary signal digit B, being indicated I2, and 
the inverter as supplied on its input from the output of 
the Inverter I1, being indicated by I3. Moreover, it 
applies in common to the individual circuit of the re 
spective NAND version, that the third selection signal 
c appears at the output of the NAND gate NA. With 
respect to the first and the second selection signal a, b 
there results the combination with the binary signal 
digits A, B from the respective partial figure of FIG. 3. 
Since these partial figures speak for themselves, this 
figure is not explained in detail in the specification, 
especially since it is easy for the person skilled in the art 
to see the interconnection of the respective NAND 
versions from the drawing. 

In the NOR versions as shown in FIGS. 3.9 to 3.16, 
the NOR gate is indicated by N0, while the maximum of 
five inverters are indicated by the references N1 ... N5. 
The inverter which on its input is supplied with the first 
binary signal digit A, is indicated by the reference N1, 
and the inverter which on its input is supplied with the 
second binary signal digit B, is indicated by the refer 
ence N2. The inverter which on its input is connected to 
the output of the first inverter N1, is indicated by the 
reference N3, and the inverter which on its input is 
connected to the output of the inverter N2, is indicated 
by the reference N4 while the inverter which on its 
input is connected to the output of the NOR gate NO, is 
indicated by the reference N5. 
The assignment of the first, the second and the third 

selection signal a, b, c can be easily seen from the indi 
vidual partial figures of FIGS. 3.9 to 3.16, so that also in 
this case there may be done without an individual de 
scription of the partial figures, because the person 
skilled in the art will be easily able to see this from the 
partial figures. 

It is to be emphasized that in all of the partial figures 
of FIG. 3 there is not necessarily included the total 
number of possible inverters; thus, for example, FIG. 
3.1 shows no inverter at all while the maximum of three 
inverters is only shown in FIGS. 3.7b and 3.8b. In a 
similar way, FIGS. 3.13a and 3.15b only show two 
inverters, and FIGS. 3.9b, 3.10d, 3.11c and 3.12a show 
the maximum number of five inverters. 
Of particular interest are those versions of FIG. 3 in 

which the potential U.0 which is the lowest according to 
the amount, hence the potential of the zero point of the 
circuit, is assigned to the zero state 00 of the binary 
signal AB at the output of the potential selection circuit, 
because then, in the event of a failure of the binary 
signal, a waiting or standby operation in the succes 
sively following circuit behind the output of the poten 
tial selection circuit can be easily realized. Logic zero 
(e.g. A=0) and logic one (e.g. A = 1) are so defined that 
the potential associated with the logic zero is closer to 
the substrate potential U0 of the CMOS circuit than the 
potential associated with the logic one. These circuit 
versions are shown in FIGS. 3.3, 3.8, 3.11 and 3.16. Of 
the respective possible versions of FIGS. 3.8, 3.11 and 
3.16, insofar as the circuit investment is concerned, 
again FIGS. 3.8b, 3.11b and 3.16b are particularly favor 
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able, because these circuit versions include the respec 
tive smallest number of inverters. Accordingly, the 
input logic gates of the partial FIGS. 3.3, 3.8b, 3.11d and 
3.16b are the most preferred ones and, therefore, char 
acterized in claims 5 to 8. 
FIG. 4 shows a simplification of the selection circuit 

according to FIG. 1, which is within the scope of the 
invention, and which results from the fact that the two 
potentials U2, U3 are identical. In that case, it is possible 
to do without the intermediate transistor MT and with 
out the additional transistor ZT as shown in FIG. 1. The 
possible input logic gates are then reduced to the four as 
shown in FIGS. 3.1 ... 3.4, by omitting the NAND gate 
and the selection signal c. FIG. 5 shows the then appli 
cable truth tables and circuits. In FIG. 4, the two-digit 
binary signal A, B is shown to be fed directly to the 
input of the first inverter IV1 or to that of the second 
inverter IV2' respectively, cf. FIG. 5.1; accordingly, 
this circuit merely includes the two inverters IV1, IV2'. 
The output voltages U as associated with the four states 
of the binary signal A, B are shown in the Table of FIG. 
5a. As can be seen from this, the potential U0 is assigned 
to two of the four states, namely to the zero state 00 and 
to the further state 10. This property, according to 
which in the case of three potentials to be connected 
through, only one of the potentials is assigned to two 
binary signal states, results from the non-coincidence 
between the number of potentials and the number of 
binary signal states. 
The simplification according to FIG. 4 represents the 

most simple selection circuit for three potentials. In 
starting out from the selection circuit as shown in FIG. 
1, however, there are also circuits which are to be inter 
connected with input logic gates which, by connecting 
the terminals for the potentials U2, U3, can likewise be 
made into such ones with the aid of which three poten 
tials may be selected. 
What is claimed is: 
1. An integrated selection circuit for four potentials 

corresponding to the zero point of the circuit (U0) and 
three potentials differing therefrom, (U1, U2, U3), 
which is realized in a complementary insulated gate 
field-effect transistor (CMOS) technology, comprising: 

a first inverter (IV1) comprising first and second 
complementary channel type transistors (T11, T12) 
connected in series between the first (U1) and the 
third potential (U3), said first transistor (T11) con 
nected to the first potential (U1) with its substrate 
connected to the zero point of the circuit (U0), and 
said second transistor (T12) having its substrate 
connected to the third potential (U3); and 

a second inverter (IV2) comprising two complemen 
tary channel type transistors (T21, T22) and inter 
mediate transistor (MT), all connected in series, 
and having intermediate transistor (MT) connected 
between the transistors (T21, T22), said intermedi 
ate transistor (MT) being of the same channel con 
duction type as that of the transistor (T21) that is 
connected to the zero point of the circuit, the sec 
ond inverter being connected between the zero 
point of the circuit and the output of the first in 
verter (IV1), the substrate of the transistor T21 is 
connected to the zero point of the circuit and the 
substrate of the intermediate transistor (MT) is also 
connected to the zero point of the circuit, and the 
substrate of the other transistor T22 forming an 
insulated island and is connected to the source 
electrode thereof and to the output of the first 
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inverter, a connection between the intermediate 
transistor (MT) and the other transistor T22 of the 
second inverter (IV2) is the output of the selection 
circuit, an additional transistor (ZT) being of the 
same channel-conduction type as that of said other 
transistor T22 is connected by its source electrode 
to the second potential (U2) and by its drain elec 
trode to the output of the selection circuit, the 
substrate of said additional transistor (ZT) forms an 
insulating island of its own which is connected to 
the source electrode of said additional transistor 
(ZT); 

the four potentials satisfying the relationship: U2, 
U3) U1), U(), when the selection circuit is realized 
in accordance with the CMOS technology com 
prising n-insulating islands in a p-substrate, and U2, 
U3.<U1 KU0 when the selection circuit is realized 
in accordance with the CMOS technology com 
prising p-insulating islands in an n-substrate; 

wherein a first circuit means provides a first or a 
second selection signal (a, b) to the first or the 
second inverter (IV1, IV2) respectively, and a 
second circuit means provides a third selection 
signal (c) to the gates of both said intermediate and 
said additional transistor (MT, ZT) with the third 
selection signal (c) meeting one of the Boolean 
logic functions: 
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2. A selection circuit as claimed in claim 1, wherein 
the four potentials (U0, U1, U2, U3) are selected by 
means of the four states of a two-digit binary signal (A, 
B) which is applied to an input logic gate, at the first or 
second or third output of which there appears the first 
or second or third selection signal (a, b, c), respectively, 
which signal to input to the first or second inverter. 

3. A selection circuit as claimed in claim 2, wherein 
said input logic gate comprises a NAND gate circuit 
including a maximum of three inverters (I1, I2, I3). 

4. A selection circuit as claimed in claim 3, wherein 
the input logic gate connects the first binary signal digit 
(A) directly to the first output and connects the second 
binary signal digit (B), however, by the insertion of an 
inverter (I2) to the second output, and the third output 
is the output of the NAND gate (NA), with the two 
inputs thereof being connected to the first and the sec 
ond output, respectively. 

5. A selection circuit as claimed in claim 3, wherein 
the input logic gate connects the first or the second 
binary signal digit (A, B), each via an inverter (I1, I2) to 
the first or the second output respectively, and the third 
output is the output of the NAND gate (NA), to the one 
input of which there is applied the first binary signal 
digit (A), with the other input thereof being connected 
to the second output. 

6. A selection circuit as claimed in claim 2, wherein 
said input logic gate comprises a NOR gate circuit in 
cluding a maximum of five inverters. 

7. A selection circuit as claimed in claim 6, wherein 
the input logic gate connects the first binary signal digit 
(A) directly to the first output and connects the second 
binary signal digit (B) via an inverter (N2) to the second 
output, and the third output is the output of another 
inverter (NS) whose input is connected to the output of 
the NOR gate (NO), to the one input of which the 
second binary signal digit (B) is applied, with the other 
input thereof being connected to the output of a further 
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inverter (N1) to the input of which the first binary sig 
nal digit (A) is applied. 

8. A selection circuit as claimed in claim 6, wherein 
the input logic gate connects the first or the second 
binary signal digit (A, B), each time via an inverter (N1, 
N2) to the first or the second output respectively, the 
third output is the output of a further inverter (N5) 
whose input is connected to the output of said NOR 
gate (NO), and the first input of said NOR gate (NO) is 
connected to the first output, while the second binary 
signal digit (B) is applied to its second input. 

9. A selection circuit as claimed in claim 1, wherein 
the two potentials (U2, U3) are identical. 

10. An integrated selection circuit for three potentials 
corresponding to the zero point of the circuit (UO) and 
two additional potentials differing therefrom (U1, U2) 
which is realized in a complementary insulated-gate 
field-effect transistor (CMOS) technology, comprising: 

a first inverter (IV1) comprising first and second 
complementary channel type transistors (T11, T12) 
connected in series between the first (U1) and the 
third potential (U2), said first transistor (T11) con 
nected to the first potential (U1) with its substrate 
connected to the zero point of the circuit (U0), and 
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8 
said second transistor (T12) having its substrate 
connected to the third potential (U2), and 

a second inverter (IV2) comprising two complemen 
tary channel type transistors (T21, T22) connected 
in series, said transistor T21 connected to the Zero 
point of the circuit, the second inverter (IV2) being 
connected between the zero point of the circuit and 
the output of the first inverter (IV1), the substrate 
of the transistor T21 is connected to the zero point 
of the circuit, and the substrate of the other transis 
tor T22 forming an insulating island and is con 
nected to the source electrode thereof and to the 
output of the first inverter; the common connection 
of the two transistors T21 and T22; forming the 
output of the selection circuit, 

the three potentials satisfying the relationship: U2 
> U1>U0, when the selection circuit is realized in 
accordance with the CMOS technology compris 
ing n-insulating islands in a p-substrate, and 
U2<U1<U0 when the selection circuit is realized 
in accordance with the CMOS technology com 
prising p-insulating islands in an n-substrate, 

wherein a first circuit means provides a first or a 
second selection signal (a, b) to the first or the 
second inverter (IV1, IV2) respectively. 

sk :k k k k 


